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Abstract

This presentation describes techniques that have been developed by the IV&V Program for
visual analysis of requirements flowdown from top—level capabilities to lower—level software
components. Beginning in 2007, IV&V analyses typically performed in Excel spreadsheets or
Access databases were expanded to leverage the network diagramming features within
Microsoft Project. This approach allowed an IV&V analyst to “see” beyond adjacent interfaces
and to visually explore system—integration issues by examining traceability across multiple
boundaries. The IV&V Program has used these techniques to identify development issues on
NASA projects such as Constellation and Ares, as well as supporting its internal risk—based
assessments (RBAs) needed for prioritizing future IV&V activities on projects such as the
Global Precipitation Measurement (GPM) effort.

This work has been partially supported under NASA Contract NNG-05CB17C
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Visual Analysis of Requirements Flowdown
Overview

IV&V Program

+ Expanded tools for analyzing trace connectivity
— Background: Tangled traces within a single requirements set

— Trace analysis spreadsheet (MS Excel)
— Network flowdown diagram (MS Project)

+ Examples of end-to—end views
— Reuvisiting the tangled traces

— Looking across 5 specifications
— Beginning a new project
— Supplementing Risk Assessments

We strive to find issues as early in the life-cycle as possible

Acrony

CARD
FSW
GPM
ICESat-2
ID
V&V
MS
NASA
PBRA
RBA
TIM
WV

ms

Constellation Architecture Requirements Document
Flight Software

Global Precipitation Measurement

Ice, Cloud, and land Elevation Satellite 2
Identifier

Independent Validation and Verification
Microsoft

National Aeronautics and Space Administration
Portfolio Based Risk Assessment

Risk Based Analysis

Technical Issue Memorandum

West Virginia

20f17



Haught

Visual Analysis of Requirements Flowdown sort7

Visual tools for analyzing trace connectivity
Background (Tangled Traces)

» CARD’s parent—child trace table contains internal Level 2 links that
sometimes reach the fifth generation before tracing to Level 3
requirements in CARD Section 3.7:

— 85 L2 reqts link directly to both L2 and L3 children

10 L2 reqts are parents of other L2 reqts

26 L2 reqts are both a child and parent of other L2 reqgts

IV&V Program

- 60L2 reqts are a child of other L2 reqts Level 2 Requirements T Level 3 Requirements
9 L2 & or 5"1 generatlon (CARD Sections 3.2-35) : (CARD Section 3.7)
- reqts are 4
: [cAvouiHal

children of other L2 reqts : . [[—'W

« Internal Level 2 traces sometimes T euns)
reach the fourth and fifth generation = :
CAS1200

» Direct links to L3 requirements exist ghvparor
for all five L2 generations

[caooizpo| =
i

* Some Level 3 requirements have

children, with some having direct °""‘°' ——

links back to L2 requirements at a @ [——
1} * CA41
I

higher level than their L3 parent.

Tangled trace structure complicates
assessment of proposed changes
(shown for 24 selected requirements)

Background

Driving Event:

IV&V found tangled traces in the Constellation Architecture Requirements Document (CARD)
This problem affected over 100 individual requirements.

A Technical Issues Memorandum (TIM) was submitted to the Project in October, 2007

A diagram highlighting this issue for 24 selected requirements was included in a briefing
presented to the Project in February 2008 — and drew a far more motivated response than the
detailed technical description submitted four months earlier.

Lesson Learned:

While the value of diagrams like these was clear, developing them at the end of an analysis
takes effort and time (usually at a time when deadlines begin to press).

Any tools used for generating these diagram should also be used during the analysis itself
(thereby saving time).
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Visual tools for analyzing trace connectivity
Analyzing Trace Connectivity

IV&V Program

+ MS Excel and MS Project used to analyze trace
connectivity across a set of traces
— Looks for intra—level trace problems and circular references

ST

One row for
each trace pair

One row for each
requirement
(showing links to
all of its parents)

Look for

circular

references

.....

iagram links

s -
yir L

e

Analyze Trace Connectivity

Goal in Context:

A requirements-trace table contains parent-child links that can be used to produce a network

diagram for analyzing trace complexity.

Success Guarantee:

This activity produces a network diagram showing requirements flowdown, along with a listing

of any trace errors encountered.

Main Success Scenario:
1 Parse trace table

Consolidate trace links

2
3 Look for circular references
4

Diagram links

40of 17
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Visual tools for analyzing trace connectivity i
Parsing Trace Tables

+ MS Excel spreadsheet used to parse trace tables to
produce a set of parent—child trace pairs

B Microsoft Excel - CARD_traceAnalysis_080418k.xds [Read-Only] =10] x|

5] ple Edt Vew Inset Fomst Jook Data Window Heb -8 X

|y [ weineron o - B U EE=EE s %o WA EE D-2-Af

W - £ 382008
Al @ ] T [ | ] K M N L=l

1] Formuta in cell N2 v| —

2

3 Requirement Traced Requirement

4 Doc Sect Reqld_T DocSect T Moditied T

0 CARD 322 AEARD 414 |R EADGIZ CARD 322 2008-War -0 REANIO7R EADSZ

6 CARD 322 GEARD 414 |R.EADS30 CARD 3222 2008-Mar-08 REANOTRLEASI0

62| CARD 322 AEARD 414 |R EAIZZ CARD 3222 2008-Mar-0 REANIO7R EAZZS

= CARD_322 GEARD 414 |REAGOAT CARD 327 2008-Mar-08 READOTR EAGOT

] CARD 326 READOZE CARD 322 2008-Mar-08 READ21 R EADOZE

L3 4 CARD 326 REA0314 CARD 3211 2008- Mar-08 REAM?2 RESZLA

% 6 |[REAI21  |CARD 326 R EAO316 CARD 326 2008- War-30 REANZTH i L »

67| #1129 |REANZ1 |CARD 326 R EAS6LZ CARD 3211 2008-Mar-0 REAZIA This tab uses a “clean” set of
€8 #1161 |REAOIZZ |CARD 3212 REABO02 CARD 3213 2008-Mar-08 resnzd traces (no duplicates, orphans or
89 | #1162 |REAO12Z |CARD 3212 R.EAS0OT CARD 3213 2008- Mar-08 REAM23H i 1
70| #1652 |REAOIZ1 |CARD 326 &EARD 414 |REA3167 CARD 336 &LL3I3E 2008- Mar-08 REANS Chl_ld‘ess) to generate Comparlson
71| #16:7 |REAOZE2 |CARD 32 GEARD 412 READTIS CARD 3211 2008-Mar-08 reanozd PAIFS

72| #2007 |REAQZS |CARD_3210 READTE CARD 3210 2008-Mar-08 3

73| #2070 |REAG |CARD 3210 REA3O4Z CARD 3210 2008-Mar-08 REATZOR EA042

74 | #2071 |REAOZS6 |CARD 3210 R EA3051 CARD 3210 2008- Mar-08 REAO296R EA30S1

7 | #0s |REAGSSS |CARD 32 R EADOZE CARD 36 BLL3S 2008-Mar-0 READSE9R EADOZE

76| #0911 |REAOSSD |CARD 32 R EA0040 CARD 3212 2008-Mar-08 FEADSE9R_EADOM0

77| #e1z |REG0HS |CARD 32 READOAZ CARD 334 &LL3ZA | 2008-Mar-08 READSI9F_EADM2

78| w14 |REA3S |cARD 32 R EADOAE CARD 326 2008-Mar-0 READSEIR EAD04E

79 | #2917 |REAES9 |CARD 32 R EAD043 CARD 3216 2008- Mar-08 REAOSS9R EAOO4S

80 | 412 |REACNSS |CARD 32 R EADOTT CARD 3212 2008-Mar-08 R EADSEIR EADOTT

M a1 IR Fandka  |0ARD 12 R EANNTA CARD 22 D War O R FANRR4R FANNTA =
M 4 b Wi\tracerYirs { networkinputs  reqtAnalyss { reqrlist  Chidless jo.pnm,(wpum"rc] f o
Ready N

One row for
each trace pair
5/15/2010 5

Parse Trace Table

Goal in Context:

IV&V receives requirements-trace information from many sources (including documents and
on-line tools), from which the needed parent-child trace pairs must be extracted for further
analysis. These sources present the information in a wide variety of formats and may contain
errors (such as duplicate entries, childless parents and orphans).

Success Guarantee:
This activity will produce a “clean” list of parent-child pairs (in an Excel spreadsheet with one
row per pair), along with a listing of any trace errors encountered.

Main Success Scenario: Notes tab lists detailed steps
1 Paste copy of trace source into an Excel spreadsheet AN ———" ‘
2 Copy parent and child identifiers (and any related info) to separate tab | s : |
3 Remove blank rows (if any)

4 Replicate info that had been removed to improve readability (as neede -

5 Search for duplicates

6 Remove orphan and childless traces

7 Generate “clean” list of parent-child pairs in separate tab

8 Assemble a working list of requirement IDs

9 Generate lists of orphans and childless requirements in separate tabs
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Visual tools for analyzing trace connectivity
Consolidating Trace Links

* MS Excel spreadsheet used to correlate trace links
and produce “Predecessors” for MS Project

IV&V Program

B Microsoft Excel - CARD_traceAnalysis_080418k.xds [Read-Only] ;@g[
) Be Ed yew Inet Fomet Toos Data Widow Hep C
olumns for u
DSHRISATE S DB T 9 B meineron -0 -[Blzy [EEEE S % 0 @R E to16383parer'1)ts
Al - # Formula in cell A2 4
[A] 8 c [} E FIGIH[11J[K[LIMIN[O/P QRIS TU|V|W X|V|Z ANABACADAEAFA TAJAKALAMANAO APAQARAS) 2|
| 1 [Formbiain cell A2 Formulain cells E2.H2  Formula in cell J2 /
2 2 =
3 cNoeTwenn et SRR RS ANIRENAREEARELE
radecssors 33382882833332333332823%
4 10 Reqid _ Doc o MS Progct) dovooddddddddddddrodddoiad
5 1 REAOOI CARD
(6| 2 REMS® CARD
7 REAIZS  CARD 12 1 1.2
[ 8| 4 REASSI4  CARD 310 31¢
9| 5 REASHS CARD 910 1c
10| 6 REASIS CARD 8 2
11| 7 REAS9%: CARD 1 1 11
12 REASST: | CARD 1213 1 12 23
12 3 REAS002 CARD 33 3 A3 2 2
e Teo ¥ S 5 B Cells for each intersection
16| 11 [REAOOSS CARD  CARD 3215 12 1 A2 (Example‘ 500 reqts needs
16| 12 REAR03 CARD  CARD 323 &EARD 411 1 Kl e
17| 13 REAOO36 CARD CARD_325 &EARD 4112 1 12 100,000 cells and takes 9
18| 14 REASS0S CARD  CARD 3238 minutes to calculate)
19| 156 REAOS CEVSRD CARD 371214 &CEV.12 12 K
20| 16 REMI63 CEVSRD CARD 371261 &CEV2 2 2
21| 17 REAORO GS CARD_3752 &GS_SRI9,10 9 91¢
2| 12 REMON2 68 CARD_3752 &68_SRI9,10 9 8.1¢
2| 19 REMSR 6 CARD_3754 &GS_SR(4 4 4
[24] 20 REMIY WS CARD_37562 &MS_SRI #
4 b M\ tracePdrs )\ networkInputs { reqtAnslysis [ reatiist { Chidess [ Orphans / Duplcates { Circar [ Notes / rowbats £ parsel | 4] 1 O
Ready. M Z

One row for each requirement
(showing links to all of its parents)

Consolidate Trace Links

Goal in Context:

Preparing the parent-child trace information (one row per pair) for producing a network
diagram first requires finding all of the direct parents (but not grandparents) associated with
each requirement. This activity follows the Parse Trace Tables steps.

Success Guarantee:

This activity produces an MS Excel spreadsheet with a list of requirements linked to direct
parents (just one row per requirement), in a format suitable for pasting into MS Project to
produce a network diagram.

Main Success Scenario: Notes tab lists detailed steps
1 Assembile list of all parent requirement identifiers 9 o

2 Identify parents and children = N
3 Produce an ordered list of requirement identifiers
4 Find references to all the direct parents associated with each requirem
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Visual tools for analyzing trace connectivity
Looking for Circular References

+ Pasting “Predecessors” into MS Project’s Gantt view
identifies any circular references

IV&V Program

B3 Microsoft Excel - CARD_traceAnalysis_0804 18k ds [Read-Only) =101 );
D) e R Yew [met Fgmat Jook Qata Wndow b -8 x
A g st -0 -8z [EEAEO-2-A- B
P v 3
TAL 8 | ¢ 0 N G
1 Formmia i ce &2 Fomulaincefo 2102 Fomala
2 2 |
3 e [ Microsoft Project - EXPL_traceFlowdown_080318a.mpp [Read-Only] =10 x|
Reqi0 i & & Yew Iwet Fomst ook Proect Colaborste Window -8 x
{ nEEsEEEsEEE® e§§§ BYw. (e oy, A B S ® tep
[B] 1 gremoor G DG H AT DB 98 = dd B Moas ey ael +B
6| 2_REMSR C
7| :®reann a
8| +Mremse © ©  TaskName Doc. DocSect Predecessors 925,07 [Sep2, 07 4
o | cMpeases A AENENENENNNEENNRNEENENY MITWITIFISISIMITWITIF
B 1  REACDOT CARD  CARD32 e
i 2 m REAGGR CARD  CARD 32 n
12 J 3 m REA0IZ3 CARD CARD_3212 12 -
13| omREARR 4 W REASS14 CARD CARD 3213 910 m
8. tom READUOT 5 W REASSIS CARD  CARD3213 910 M
16| 11y REAOSS =
BB R e 0 W Reases CARD  CARD3213 8 .
- = w 2 -
17 REAOOSE 7 REAS98) CARD CARD_3213 1"
18| 140 REASEOS 8 REASS?3 CARD  CARD 3213 1213 :
19 REAORSE 9 REAB002 CARD CARD_3213 313
2 .P[M"" 10 o REAB007 CARD CARD_3213 313 e
21| 1™ REeAN0 " © X Y n
22| 18R EAta2 n m REACO4S CARD  CARD 3215 12 g
2| 1 MREANID G ¥ A 12 W REAG203 CARD CARD_3238EMI 1 -
2| CEREMI e m m SRS AN e m = 13 W REAWIS CARD  CARD3253EA12 M
4”4 % Wl tracears S\networkinputs (“redtAnavais A reai ;| < | o W REASS4 CARD CARD 328 - [}
Ready M " Reaos CEVSRD CARD_37.1214.12 =
" REadiss CEVSRD CARD 371281 2 -
L -
. . READ140 GS CARD_37528G 9,10
MS Project rejects any RREGGQ G ca37526G500
circular references and  READSI0 as caRD37s4sce o ]
£ . 32628 =
generates error message LI ST PR e L il ) ﬁﬂ
A5 [ [ 7

Look for Circular References

Goal in Context:

Requirements-trace information may contain circular-reference errors. These errors, which
may be direct (A to B and B to A) or indirect (such as A to B, B to C and C to A), must be
identified before proceeding to diagram the trace. This activity follows the Consolidate Trace
Links steps.

Success Guarantee:
Any circular-reference errors in the trace will be identified and isolated.

Main Success Scenario: Notes tab lists detailed steps

1 Transfer network inputs from MS Excel into MS Project D) el e e g e

2 Remove any circular-reference errors
3 Save the Project file
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Visual tools for analyzing trace connectivity
Gantt Chart View (an early example)

IV&V Program

== ——— — = = : T
[ Microsoft Project - Flowdown_CARD_selected24 lmm(radlezooa m-wk.nw[kud-mly] 3 __Lg]_ll
Q) Ble Edt Vew Inset Fomat Tooks Project Colaborate Window Help Data from Excel spreadsheet

NEBEHR SAV 6B T 8 s chd Ll B | No contained references needed to
generate network diagram

b I R N e e | S S
B P ~ sl | [TWITIF[SISIMITWIT[FISISIMIT
/ REA0001 CARD CARD_3.2 ‘>/ 3,8,11,42,1%
REA0892 CARD CARD_32 \ 3811,131¢
READ123 CARD CARD_3212 12 1 9,10
REASS14 CARD  (CARD 3213 810 | 19
REAS815 CARD  CARD3213 9,10
REAS53935 CARD CARD_3213 8 I
REASS63 CARD CARD_3213 1 I
REASS73 carp  carp_3213 1233 3
REAS002 CARD  CARD 3213 313 | 451718
REAB007 CARD  (CARD 3213 313 | 451718 MS Project rejects any
REA0048 CARD  (CARD 3215 12 | 7 circular references and
REA0203 CARD CARD_323&EAI1 1521 generates error message
READ036 CARD CARD_3258EAI12 | 83,10
REAS504 CARD  CARD 328 !
REA0288 CARD CARD_371214.12 |
1| REA4163 CARD  CARD 3712612 |
READ140 CARD  CARD 375286910 |
READ142 CARD CARD_37528G 9,10 1
READS10 CARD CARD 37548C 4
READ139 CARD  CARD_37628W ! 2122
REAS128 carD  caRD_376238 12207
L REAS129 CaRD  cARD 376238290 7
i (s omisait oty L) T T 7

/1512018 L

Walk-Through on how a new MS Project view was customized

for requirements traces (Part 1 of 2)

Use More Views dialog to copy Network Diagram view to a view named Flowdown Diagram

Use Layout dialog box to select Layout Mode: Allow manual box positioning; Link style:

Stralght and Link color: Matching predecessor box border

8of 17
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Visual tools for analyzing trace connectivity
Network Diagram View (an early example)

IVé.V Program

—{of x|
) Fle Edt Wew Inset Fomat Took Project Report Window Help Typeaquestionforhep ~ @ X
NEH AV am 9™ 8 s s 2 @ | NoGroup - _‘"t_;;B‘An;,i .B

S oaaml

Project’s Network Diagram view
was used to generate the new
Flowdown Diagram view

T Z]
9/15/2010 9

i

Walk-Through on how a new MS Project view was customized
for requirements traces (Part 2 of 2)

Use Box Styles dialog box to format a new data template that highlights Requirement IDs
Save new template




Haught

Visual Analysis of Requirements Flowdown

Diagramming Trace Links

Visual tools for analyzing trace connectivity

(&N
NASA

IV&V Program

view

+ MS Project shows dependencies in the Flowdown

10

Diagram Trace Links

Goal in Context:
The parent-child links that can be used for a selected set of requirements to produce a network
diagram for analyzing trace complexity. This activity follows the Look for Circular References

steps.

Success Guarantee:
This activity produces a network diagram showing requirements flowdown, which can be
manipulated to highlight specific features if interest.

Main Success Scenario:

1

2
3
4

View Flowdown Diagram

Delete requirements not needed for diagram

Reposition network elements

Highlight selected features (by coloring the boxes for selected parents)

=

&

Notes tab lists detailed steps
N =x|

Diagram Trace Links

100f 17
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Visual tools for analyzing trace connectivity
Highlighting Specific Features

* Network diagram can be reformatted to
ific features of interest

CA5968-PO

213 “

> CA5970-PO » CA5971-PO
3213 sz13

» CA5969-PO
3213

— 7 Ak
* CA5973-PO , CA5935-PO
/ |az1s 3.2.13

L Ry
CA5552-PO / 4 cA5962-PO » CAD63-PO
3218 e ¥

ot
CAS618-PO
sa2

» CA5814-PO
3213

\_[l]
CA0123-PO
2212

,/cAs815-PO

R AR y

Begin by taking delight in externals

In every new situation
we must start all over again
like children,
cultivate a passionate interest
in things and events,
and begin by taking delight in externals,

until we have the good fortune

to grasp the substance.

- Johann Wolfgang von Goethe

Wilhelm Meisters Wanderjahre (, 3, 1829)



Haught Visual Analysis of Requirements Flowdown 120017

Visual tools for analyzing trace connectivity
New features in Project 2010 =

IV&V Program

The “Collapse Boxes”
feature in Project 2010
provides an easy toggle
for emphasizing linkages

12

New features in Office 2010 extend the applicability of the

visual analysis techniques originally developed with Office
2003

Excel:

Excel 2007 and later now allow 16,384 columns. Since one column is needed for each parent
in the Network Inputs tab, future analyses aren’t bound by the original 256-column limit.
Project:

Project 2010 offers a Collapse Boxes feature that makes it easy to toggle the view to
emphasize the links — which gives the Flowdown View a more tree-like structure.

Project 2010 also offers an alignment feature that makes it easier to reposition boxes neatly
enough for report graphics
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Example #1
Revisiting the tangled traces (CxSI)
e e Jaazaslism ]
i Traces from CARD Rev A J
" [ fewer links
Traces from CARD Rev B ©
s T The 24 requirements
i il selected for the original
T ol example have aIII lc)leen
— T e 7 fi link: untangled.
e, = .IIN,%\ i
L \ m . Reirc i mge .sszasal “a
Zm b e Traces ffom CARD Rev C*
i i y
9152010 13

Constellation Architecture Requirements Document (CARD)

This analysis followed the 24 requirements originally selected from the approximately 160

Level 2 requirements (which were traced to about 500 Level 3 requirements).
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L kF') 5 ificati A |
ooking across 5 specifications (Ares) &
(B Microsoft Project - Ares_traceFlowdown_080506c.mpp [Read-Only] D =10l x|
) e Edt Vew [nset Fomat Tooks Project Report Window Help Type aquestionforhelp  ~ & X
NEH AV M 90|08 -0 B | e E ““B:B
1.CLY-G5.0005 =
TTIYD TV N0 02 Constellation’s Cradle tool
used to extract trace data
across 5 levels of Ares—
related requirements
:7“‘ R.EAD02T 1 R.EASA3S | » RUSA3E || RUS_avi0107
R.EA1055
u RFS.40
R.EADIN |,/ REs15s | JrRCV7 Jom Vi
o e T RUSH 1
smvwmemmwe | | [R.CLVAOTT
>
# R.CLV.1081
[RFs7e RUS_TVC 57
) | e
T |[ReEE [ JRUsas | JRUSTVES
7 z - e e—
I R.CLVASE R.US_USM.0030
4 SEEaE Ep— i
IRFS25
4 P
[ Z
9/15/2010 14

CxAres
Approximately 450 related requirements (as of mid—2008)

Scan for interesting / unusual patterns

" e Liniz|
e 1a e e b o o e T
BT ALY AT I “p B

Copy the file, then re-position (and delete)
1 as needed to focus the analysis on a
requirement of interest

al0) =]

Ll e x
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Example #3
Beginning a New Project (ICESat-2)

(B Microsoft Project - ICESat_traceFlowdown_100907a.mpp [Read-Only] D =10 x|
) Fle Edt View Insert Format Tools Project Repot Window Help

DEH AV Gam| 9 -8 a8 % B | NoGow E
Pointing Jitter

IV&V Program

This approach can be

[IRD43 ] IRD30 ] applied to new projects

[ |  Pores Bis Bisole (while waiting for remaining
i requirements)

[IRD45

Sastss Sandt Sl B 4G |

sL_LIL

9/15/2010 15

ICESat-2

Approximately 130 instrument requirements (mid—2010), with traces to about 40 mission
requirements and about 100 interface requirements.

Group tangled requirements together

fowdown_100907a_Kentimos =lolx
Tode Bosd Beood Wikt g -8 %
CAT EE=Y N w ! [ !

|

=

Move simple pairs to the bottom (for now)

8 Micrasolt Project - ICESat_traceFlowdown_L0030Ta_kenHmpp -lojx|
= ) Bl Bt Mew Jeet Foest Took  Prolect Repot Widow  Hep P S )
R AGH @AV an/9- CACTE S-S ML - 7@ B B

RDST

e
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Example #4

Supplementing Risk Assessments (GPM)

IV&V Program

O\ d9-- Q8 )s GPM RBA X 2)_KenH.xlsx - Microsoft Excel -8X

3

- Home  Inset  Pagelayout  Formulas  Data  Review  View  Developer Adddns & - = X

BI20 - 3 E
1 + + + T - .
;J © © © o o © © 9 9 o o As requirements for
8D 3 F (G H | N | Z AA|AB AC AD|AE| AF  AG|AH Al AJ| AK| AL A

RBA Score ==>

¢FE CFS GNC Apps

software components are
identified, they can be

CoH pes ~ ] associated with higher—

1

2

3

4 System Goals PBRA OM DI SD CL CG EDAI TO CI XB TM SV P! .

[l Measure Global Precipitation level reqmrement_s (and
0 Launch and Achieve Initial Orbit 53 2.8 # L35 with system behaviors
7 Fly Core Spacecraft in Circubuar Orbit L X X X X X H HH

. st eii identified by IV&V)
3 Achieve Sun Point Mode IHM * X x X X X E

0 Solar Auray Deployed WH & X X %

n Circulanize Orbit iL L X x X X

13 Instrument Power On, Test, ZHSMAL # 1 H] x

2 Spacectait Subsystem Test{ M . X X X X L X

“ Complete Early Orbit Commanded H e X X X X X x

] Fly in Required Orbit 4222 &

® Maintain Proper Orbit - Core None  # X X X X X

w Obtain Science Data 3z22 W

L] Calibrate Precipitation Instruments H L] X X X X

1] Gather Science Data fiom Instrument 1L L x X ® X

20 Downlink Science Data ™ML x x X x X

21 Maintain Health and Safety of Spa 45z #

2 Maintain Propulsion System SH-AM-IL # X z 1

23 Maintain Flight Computer Resourcesotincluds # X X X LH5LMS X L34S L345L345

24 Maintain SIC Power Positive State  3H-IM-IL # X X LS X

% Uplink SIC Commands otinchsde # x [ X X X LMSL3MS X L34SLI4SLE

% Downlink HK Data otinclude 8 X X X Lus LMS X X OLMSLMSLMS X L345L345LT

F1d Maintain Thermally Safe SIC dHIL W X X L34S

8 Analyze and Respond to Faults HIM & X x X LMSL3S X L35 X X LIMSLMSLIS X L345L345L7

) Process Science Data 2z18 #

30 Collect & Store SIC Trbmdly ot nclude #

n Comllucl!hlldllosic Command &alm\udl I

W4 M| RBA xRef  OKPBRA  corl3 L34  L4S ~¢J I

Ready | ] [EEE )

9/15/2010 16

GPM

IV&V’s model elements were correlated with Level 3 requirements that were then traced to
thru Level 4 to the Level 5 requirement (which indicates the individual software component)

readMe tab describes approach

RBA tab summarizes results

RBA-identified components
¢ |highlighted for FSW Architecture

RBA Assessment

GPM FSW Components

WY Progam

6&@666@6
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Visual Analysis of Requirements Flowdown
Summary

IV&V Program

« Components within MS Office can support
visual analysis and reporting

* Visual techniques can aid
— Reporting IV&YV findings
— Supporting IV&V analyses
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